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Edited by Peter BrzezinskiAbstract Thialysine Ne-acetyltransferases and spermidine/
spermine N-acetyltransferases (SSAT) are closely related mem-
bers of the GCN5-related N-acetyltransferase superfamily.
Accordingly, a putative orthologue from the human protozoan
parasite Leishmania major exhibits an almost equal similarity
to human SSAT and thialysine Ne-acetyltransferase. Character-
isation of the recombinantly expressed L. major protein indi-
cated that it represents a thialysine Ne-acetyltransferase,
preferring thialysine (S-aminoethyl-L-cysteine) and structurally
related amino acids as acceptor molecules. The known thialysine
Ne-acetyltransferases contain ﬁve conserved amino acid residues
that are replaced in SSAT sequences. Kinetic analyses of the
respective recombinant mutant proteins suggest that Ser82 and
Thr83 of L. major thialysine Ne-acetyltransferase are key resi-
dues for acceptor binding. In addition, the conserved Leu130
is tentatively involved in speciﬁc interaction with the sulphur-
containing side chain of thialysine. The presence of these three
amino acid residues is suggested to be a means by which thialy-
sine Ne-acetyltransferases can be distinguished from SSAT
sequences.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Thialysine Ne-acetyltransferases from yeast, the nematode
Caenorhabditis elegans and mammals have been recently char-
acterised as novel members of the GCN5-related N-acetyl-
transferase (GNAT) superfamily [1,2]. Owing to the high
degree of similarity, the human protein had previously been
proposed to be a second spermidine/spermine N-acetyltrans-
ferase (SSAT2) and, hence, to be involved in polyamine metab-
olism [3]. SSAT1 is part of the interconversion pathway, whereAbbreviations: Acetyl-CoA, acetyl coenzyme A; GNAT, GCN5-related
N-acetyltransferase; PCR, polymerase chain reaction; SSAT, spermi-
dine/spermine-N-acetyltransferase
q The nucleotide and protein sequence data reported in this paper are
available in the EMBL, GenBank DDJB under the Accession No.
AJ967029.
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doi:10.1016/j.febslet.2005.08.063the polyamines spermidine and spermine are back-converted
into their precursors via a two step reaction that includes an
N-acetylation followed by an oxidative cleavage [4]. Further
studies, however, revealed that SSAT2 and its orthologues pre-
fer the amino acid thialysine (S-(aminoethyl)-L-cysteine) rather
than polyamines [1,2] and that overexpression of the enzyme
does not alter polyamine levels in mammalian cells [1,3].
The physiological function of thialysine Ne-acetyltransfer-
ases is still unclear. Thialysine is a structural analogue of L-ly-
sine carrying a sulphur atom instead of the 4-methylene group
in its side chain. It is known to act as an anti-metabolite by
competing with L-lysine for the incorporation into polypep-
tides, leading to inactive proteins [5,6]. Therefore, the growth
of prokaryotic and eukaryotic cells is blocked by high thialy-
sine to lysine ratios [2,7–9]. Overexpression of C. elegans thialy-
sine Ne-acetyltransferase in Escherichia coli that lacks a
homologous gene confers resistance towards the anti-prolifer-
ating eﬀect of thialysine, indicating that Ne-acetylthialysine is
not toxic [2]. On the other hand, thialysine is suggested to be
a naturally occurring metabolite [10–12] that functions as the
precursor of sulphur-containing metabolites with potential
anti-oxidative activity like the S-(2-aminoethyl)-L-cysteine ket-
imine decarboxylated dimer [13,14].
Protozoa of the genus Leishmania are important parasites of
humans, representing the causative organisms of cutaneous,
mucocutaneous and visceral leishmaniasis. These serious and
partly lethal diseases are widespread, mostly prevalent in tro-
pics and subtropics. The polyamine metabolism of Leishmania
has been intensively studied, since it appears to be a promising
drug target [15]. Based on studies with polyamine synthesis
null mutants, it was suggested that at least the species Leish-
mania donovani does not contain a polyamine interconversion
pathway [16]. However, N-acetylated forms of spermidine and
a polyamine N-acetyltransferase activity have been previously
determined in Leishmania amazonensis [17,18].
Here, I report on the cloning of an N-acetyltransferase from
the human parasite Leishmania major that at the amino acid
level exhibits an equivalent degree of similarity to human
SSAT and human thialysine Ne-acetyltransferase. Character-
isation of the recombinant L. major protein revealed that the
enzyme has a strong preference for thialysine and related
amino acids over polyamines, thus representing a thialysine
Ne-acetyltransferase. By applying site-directed mutagenesis
thialysine Ne-acetyltransferase-speciﬁc amino acid residues
were identiﬁed that are suggested to be crucial for acceptor
binding and/or catalysis and that are proposed to be a crite-
rion to distinguish the closely related SSAT and thialysine
Ne-acetyltransferase at the amino acid sequence level.blished by Elsevier B.V. All rights reserved.
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2.1. Cloning of L. major N-acetyltransferase
A BLAST search in L. major GeneDB (http://www.genedb.org/gen-
edb/leish/blast.jsp) using the human thialysine N-acetyltransferase and
SSAT sequences [EMBL Accession Nos. NP_597998 and P21673] re-
vealed the L. major sequence LmjF36.2750 that is annotated as an
N-acetyltransferase-like protein with the corresponding gene located
on chromosome 36. The open reading frame of the L. major N-acetyl-
transferase was ampliﬁed by polymerase chain reaction (PCR) using L.
major genomic DNA as template and the gene speciﬁc oligonucleotides
LmNATExS 5 0-GGATCCGATGTCTGCTGCAGGCGTCACC-3 0
and LmNATExAS 5 0-AAGCTTCTAAAACTTGAGCATGCAG-3 0
(introduced restriction sites for BamHI and HindIII are underlined).
PCR was performed as follows: 95 C for 2 min, 55 C for 1 min,
and 68 C for 1 min, for 30 cycles using Elongase ampliﬁcation system
(Invitrogen). The PCR product was subcloned for sequence analysis
into pCRIIe vector using T/A cloning.
2.2. Recombinant expression and puriﬁcation of L. major
N-acetyltransferase
Following BamHI/HindIII digestion, the coding region of L. major
N-acetyltransferase LmjF36.2750 was cloned into the pTrcHisB vector
(Invitrogen) to produce a His-tag fusion protein. The recombinant
expression plasmid pTrcHisB:LmNAT was transformed in the
E. coli strain BL21 (DE3). A fresh overnight culture was diluted
1:100 in Luria–Bertani medium supplemented with 100 lg ml1 ampi-
cillin and grown at 37 C until the OD600 reached 0.5. Expression was
initiated with 1 mM isopropyl b-D-thiogalactoside (IPTG). The cells
were grown for additional 3 h at 37 C and harvested by centrifuga-
tion at 10000 · g for 15 min at 4 C. The cell pellet was resuspended
in lysis buﬀer (50 mM NaH2PO4, pH 8.0; 300 mM NaCl, 10 mM
imidazole supplemented with 0.1 mM phenylmethylsulfonyl ﬂuoride),
sonicated and then centrifuged at 100000 · g for 1 h at 4 C
(TFT 55.38, Centricon T-1065, Kontron). Recombinant L. major
N-acetyltransferase was puriﬁed from the supernatant by chelating
chromatography on Ni–NTA agarose (Qiagen) according to the man-
ufacturers recommendation. For further puriﬁcation and in order to
determine the molecular weight, the eluate of the chelating chroma-
tography was subjected to fast protein liquid chromatography on a
calibrated Superdex S-75 column. The column was equilibrated with
50 mM Tris–HCl, pH 7.8, 0.02% Brij 35, 0.1 mM phenylmethylsul-
fonyl ﬂuoride, 150 mM NaCl. Elution was performed at a ﬂow rate
of 2 ml min1.
The cDNA of human SSAT was synthesized by using human
mRNA and the primer huSAT-ExAS AAGCTTCTCCTCACTCC-
TCTGTTGCC in a reverse transcription reaction (New England
Biolabs). Subsequently, the human SSAT was ampliﬁed by PCR,
whereby huSAT-ExS GGATCCGATGGCTAAATTCGTGATCCG
and huSAT-ExAS served as primers. The oligonucleotides were de-
signed in accordance with the annotated SSAT sequence. The PCR
product was cloned into pTrcHisB. The construct was transformed
into the E. coli strain BL21 (DE3). Recombinant expression and puri-
ﬁcation of the His6-tag fusion protein was performed as described
above. Following Ni–NTA agarose, the protein was applied to gel ﬁl-
tration on a calibrated Sephadex S-200 column equilibrated with
50 mM Tris–HCl, pH 7.8, 1 mM spermidine, 0.02% Brij 35, 0.1 mM
phenylmethylsulfonyl ﬂuoride.
Protein concentration was determined by the method of Bradford
[19]. The homogeneity of the enzyme preparations was analyzed by
SDS–PAGE. Proteins were revealed by Commassie blue-staining
[20].2.3. Site-directed mutagenesis
PCR based mutagenesis was performed as described previously [2]
using the plasmid construct pTrcHisB:LmNAT as template. The muta-
genic primer pairs are listed in the supplementary material. The cycling
parameters were 95 C for 60 s, 55 C for 60 s, and 68 C for 10 min for
16 cycles using Pfu-polymerase (Stratagene). Subsequently, parental
template plasmid DNA was digested with 10 units DpnI (New England
Biolabs) for 1 h at 37 C, before an aliquot of 10 ll was transformed into
E. coli DH5a cells. Mutations were veriﬁed by nucleotide sequencing
[20]. Accordingly, the amino acid residues Asp82 and Pro83 of human
SSAT were mutated to Ser and Thr with the primer pair huSAT-DP/ST-S GTACTATTTTACCTATAGTACTTGGATTGGCAAGTTAT
and huSAT-DP/ST-AS ATAACTTGCCAATCCAAGTACTATA-
GGTAAAATAGTAC.
Positive constructs were used to transform E. coli BL21 (DE3) cells.
Recombinant expression and puriﬁcation was performed as described
above for the wild-type enzymes.
2.4. N-Acetyltransferase enzyme assay
N-Acetyltransferase activity was determined according to Bode et al.
[21]. The standard assay mixture contained 50 mM Tris–HCl, pH 7.8,
0.5 mM acetyl-CoA, 10 mM of acceptor and 50–4000 ng puriﬁed L.
major N-acetyltransferase in a ﬁnal volume of 50 ll. The reaction
was stopped after 5 min at 37 C by the addition of 150 ll ethanol.
Subsequently, 600 ll of 0.2 mM 5,5 0-dithiobis-(2-nitrobenzoate) in
100 mM Tris–HCl, pH 8.0 was added. The absorption at 412 nm
was measured in a spectrophotometer (Uvicon, Kontron). For L. ma-
jor N-acetyltransferase various amino acids, polyamines and related
compounds were tested as acceptors.
For the determination of the corresponding Km values, concentra-
tions of acetyl-CoA varied from 100 to 4000 lM, of spermidine from
2 to 50 mM, of diaminopropane from 1 to 50 mM, of L-lysine from
2 to 50 mM, of thialysine from 0.03 to 2 mM, of O-(2-aminoethyl)-
L-serine from 0.03 to 5 mM, of S-(aminoethyl)-D,L-homocysteine from
1 to 20 mM, of 5-hydroxy-L-lysine from 0.03 to 5 mM. Km values were
calculated by Lineweaver–Burk plots using the program GraphPad
Prism 1.02 (GraphPad, San Diego). To study substrate inhibition by
acceptor molecules, thialysine was used in concentrations up to
40 mM. To determine the Km values of acceptors molecules for mutant
proteins, concentrations were appropriately elevated.
Enzyme activities of human SSAT wild-type and mutant proteins
were determined accordingly using 175–2000 ng puriﬁed enzyme.
Due to its low stability, the assay was carried out at 30 C for 3 min.
Km values were determined with spermidine concentrations ranging
from 0.05 to 2 mM for the wild-type and 1 to 40 mM for the mutant
protein, respectively.
2.5. Phylogenetic analysis
Thialysine N-acetyltransferases, SSAT and putative orthologues
from various organisms were selected by PubMed (NCBI). Phyloge-
netic and molecular evolutionary analyses were conducted using
MEGA version 3.0 [22].3. Results and discussion
3.1. Recombinant expression
The L. major N-acetyltransferase LmjF36.2750 was recom-
binantly expressed in E. coli. The His6-tagged fusion protein
was puriﬁed by Ni–NTA agarose and applied to a gel ﬁltra-
tion on a calibrated Sephadex S-75 column. N-Acetyltransfer-
ase activity eluted as a single peak that corresponds to a
molecular weight of 44000 (see supplementary data). SDS–
PAGE analysis of this fraction revealed one band at approx-
imately 18 kDa (Fig. 1), which is signiﬁcantly smaller than
the theoretical molecular mass of 18.4 + 3.6 kDa calculated
for the fusion protein. However, mass spectrometric analyses
of the protein band conﬁrmed the expected size of 22000
(data not shown). Hence, the enzymatically active L. major
N-acetyltransferase is a homodimer. A similar discrepancy
was reported on the recombinant human orthologue [1], how-
ever was not found for the C. elegans thialysine Ne-acetyl-
transferase [2].
Human wild-type and mutant SSAT were also expressed as
His6-tagged fusion proteins. In accordance with the deduced
molecular mass, both puriﬁed proteins run at approximately
24 kDa in SDS–PAGE. Recombinant human SSAT eluted
from gel ﬁltration in a fraction that corresponds to a molecular
weight of 50,000, indicative for a dimeric organisation.
Fig. 1. SDS–PAGE analysis of L. major thialysine Ne-acetyltransfer-
ase. Coomassie blue-stained SDS–PAGE gel of E. coli BL21 cells
overexpressing L. major thialysine Ne-acetyltransferase. 100000 · g
pellet (lane 1) and supernatant (lane 2). Lane 3 shows the recombinant
L. major thialysine Ne-acetyltransferase puriﬁed by Ni–NTA-chelating
chromatography and subsequent gel ﬁltration (lane 4). The size of
protein standards is given on the left in kDa.
Fig. 2. Substrate inhibition of L. major N-acetyltransferase. Line-
weaver–Burk plot of L. major thialysine Ne-acetyltransferase activity
using increasing concentration of thialysine (from 0.1 to 40 mM).
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Thialysine and the structurally related amino acids O-(ami-
noethyl)-L-serine and S-(aminoethyl)-D,L-homocysteine as
well as the L-lysine derivative 5-hydroxy-L-lysine were found
to be the best substrates of L. major N-acetyltransferase
LmjF36.2750 (Table 1). The respective Km values were deter-
mined to be 510 ± 30 lM (n = 5) for thialysine, 523 ± 24 lM
(n = 4) for O-(aminoethyl)-L-serine, 1,600 lM (n = 2) for S-
(aminoethyl)-D,L-homocysteine and 566 ± 78 lM (n = 4) for
5-hydroxy-L-lysine. The kcat/Km values for thialysine, O-(ami-
noethyl)-L-serine and 5-hydroxy-L-lysine were found to be in
the same range. At higher concentrations of the acceptor
amine the L. major N-acetyltransferase showed substrate inhi-
bition, exemplarily shown for thialysine in Fig. 2. This inhibi-
tory eﬀect was not attributed to a pH change at higher
substrate concentrations used. HPLC analyses revealed that
N-acetylation of the acceptor amino acid thialysine and L-
lysine took place exclusively at the Ne-amino group (data not
shown). Furthermore, the enzyme can discriminate between
stereoisomers of amino acid as indicated by the results forTable 1
Acceptor speciﬁcity of L. major N-acetyltransferase
Acceptor Relative speciﬁc act
Thialysine 100
O-(Aminoethyl)-L-serine 121 ± 7
5-Hydroxy-L-lysine 261 ± 30
S-(Aminoethyl)-D,L-homocysteine 169 ± 24
Diaminopropane 18.1 ± 2.3
L-Lysine 13.2 ± 1.5
D-Lysine 3.3 ± 0.9
Spermidine 2.0 ± 0.3
Spermine 1.4 ± 0.4
Putrescine <0.5
n.d. = not determined.L- and D-lysine, whereby the L-form is markedly preferred
(Table 1). The Km value for acetyl-CoA was determined to
be 464 ± 66 (n = 5).
The naturally occurring polyamines spermidine and sperm-
ine were only poor substrates. Kinetic analyses revealed a high
Km of 6.0 ± 0.6 mM and a low kcat value of 0.42 ± 0.07 s
1
(n = 5) for spermidine. Consequently, the speciﬁcity constant
(kcat/Km) for thialysine was about 500 times higher than that
of spermidine (Table 1), indicating that the L. major N-acetyl-
transferase is not a SSAT. In point of fact, the substrate spec-
iﬁcity is in good accordance with those reported for thialysine
Ne-acetyltransferases [1,2]. Moreover, when overexpressed in
E. coli, the L. major N-acetyltransferase has the capacity to
detoxify the toxic lysine analogue thialysine [data not shown],
like it has been shown for the C. elegans orthologue [2]. 5-Hy-
droxy-L-lysine that is also a good substrate of the C. elegans
thialysine Ne-acetyltransferase (unpublished observation) has
not been reported previously to be N-acetylated by thialysine
Ne-acetyltransferases. The modiﬁed lysine is a naturally occur-
ring component of certain proteins and peptides like collagen
and siderophores [23–25]. Remarkably, prokaryotic N-acetyl-
transferases have been characterised which are responsible
for Ne-acetylation of 5-hydroxy-lysine in the biosynthesis of
the siderophores aerobactin and mycobactin [24,25]. How-
ever, these proteins are considerably larger (33 and
28 kDa) and exhibit no homology to the known thialysine
Ne-acetyltransferases.ivity in standard assay (%) kcat/Km (M
1 s1)
3.3 · 104
2.8 · 104
4.7 · 104
1.5 · 104
n.d.
356
n.d.
70
n.d.
n.d.
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have been identiﬁed in in vitro assays. However, physiological
approaches, perhaps with genetically manipulated cells or
organisms, are necessary in order to examine, whether thialy-
sine, 5-hydroxy-lysine or another structurally related molecule
is the in vivo substrate.
3.3. Identiﬁcation of amino acid residues crucial for acceptor
binding
The L. major N-acetyltransferase LmjF36.2750 exhibits an
almost equal degree of similarity to the amino acid sequences
of known thialysine Ne-acetyltransferases and SSAT (Fig. 3).
The sequence identities to the thialysine Ne-acetyltransferases
of C. elegans, Schizosaccharomyces pombe and human were
found to be 25.3%, 28.5% and 32.3%, respectively. The corre-
sponding values for the human and mouse SSAT are slightly
higher with 34.8% and 34.2%. Due to this high degree of simi-
larity, a functional prediction of putative orthologues that is so-
lely based on protein sequence data appears to be diﬃcult.
However, the ﬁve amino acid residues Ser82, Thr83, Gly121,
Leu130 and Ala136 (numbering with respect to the L. major se-
quence) are conserved in all characterised thialysine Ne-acetyl-
transferases, whereas they are replaced by amino acids with a
diﬀerent character in SSAT (Asp82, Pro83, Arg121, Ala130 and
Ser136 are the respective residues in human SSAT) (Fig. 3). Fur-
thermore the position of Arg31 of the L. major sequence that is
also occupied by a basic amino acid residue (Lys) in other
thialysine Ne-acetyltransferase is replaced by a Tyr-residue in  
 
 
   
      
    
 
 
 
 
       
 
 
 
        
Fig. 3. Multiple sequence alignment of L. major thialysine-Ne-acetyltransf
identical in at least four sequences are shaded in black. Similar amino acid
homology. The four motifs A, B, C and D that characterize N-acetyltransfe
LmNAT, L. major Ne-acetyltransferase; CeNAT, C. elegans thialysine Ne-acet
SSAT2); S. pombe thialysine Ne-acetyltransferase (Accession No. NP_593494
acid residues that are conserved in thialysine Ne-acetyltransferases but not in
asterisks.SSAT. To investigate, whether these amino acid residues are in-
volved in acceptor binding of thialysine Ne-acetyltransferase,
they were exchanged by site-directed mutagenesis. Following
recombinant expression, the kinetic properties of the mutant
proteins were determined and compared with those of the
wild-type enzyme (Table 2).
The kinetic features of L. major thialysine Ne-acetyltransfer-
ase were not signiﬁcantly aﬀected by the amino acid exchanges
Gly121Arg and Ala136Ser, indicating that these residues are
most likely not critical for substrate binding or catalysis. For
the Arg31Ala mutant the Km value for thialysine was slightly
enhanced by 3-fold without aﬀecting the speciﬁc activity or
the aﬃnity for acetyl-CoA.
Replacement of Thr83 of L. major thialysine Ne-acetyltrans-
ferase by Ala led to an inactive enzyme. However, when con-
verting Thr83 to Ser, the obtained protein had a speciﬁc
activity and a Km for acetyl-CoA comparable to the results
for the wild-type enzyme. The Km values for thialysine, L-
lysine and spermidine were also unchanged or only slightly ele-
vated. Therefore, the hydroxyl group of Thr83 is suggested to
be crucial for substrate binding or catalysis.
The exchange of the adjacent residue Ser82 to Ala resulted in
drastically reduced aﬃnity for all three acceptor molecules
tested. Compared to the wild-type enzyme, the Km for thialy-
sine was more than 30-fold enhanced. Similarly, the respective
values for L-lysine and spermidine were found to be drastically
elevated, being higher than 50 mM. Remarkably, the aﬃnity
for acetyl-CoA and the speciﬁc activity were not aﬀected by 
 
 
 
     
 
 
 
 
 
erase with related N-acetyltransferases. Amino acid residues that are
residues are shaded in grey. Gaps () were introduced to maximize
rases of the GNAT superfamily [30] are indicated by horizontal bars.
yltransferase;HsNAT, human thialysineNe-acetyltransferase (formerly
); HsSAT, human SSAT;MmSAT, mouse SSAT (NP_033147). Amino
SSAT and that were exchanged in mutagenic studies are indicated by
Table 2
Kinetic parameters of L. major thialysine N-acetyltransferase wild-type and mutants
kcat
a (s1) kcat/Km (M
1 s1) Km (mM)
Thialysine L-Lysine Spermidine Acetyl-CoA
WT 16.8 ± 1.8 (n = 5) 3.3 · 104 9.0 ± 1.2 (n = 3) 6.0 ± 0.6 (n = 3) 0.46 ± 0.07 (n = 5)
R31A 16.0 ± 2.2 (n = 3) 1.0 · 104 17.1 ± 3.5 (n = 3) n.d. 0.57 ± 0.07 (n = 3)
S82A 13.3 ± 0.6 (n = 3) 787 >50.0 (n = 3) >50.0 (n = 3) 0.50 ± 0.09 (n = 3)
S82T 0.55 ± 0.07 (n = 4) 44.7 n.d. n.d. 0.59 ± 0.5 (n = 3)
T83A <0.08 (n = 3) – – – –
T83S 11.5 ± 1.3 (n = 3) 1.0 · 104 8.9 ± 1.7 (n = 3) 12.2 (n = 2) 0.54 ± 0.01 (n = 3)
ST82/83DP <0.08 (n = 3) – – – –
G121R 9.5 (n = 2) 2.3 · 104 n.d. n.d. 0.61 (n = 2)
L130A 17.6 ± 1.5 (n = 5) 0.7 · 104 8.9 ± 1.2 (n = 5) 6.5 ± 1.2 (n = 3) 0.49 ± 0.07 (n = 4)
A136S 13.0 ± 0.6 (n = 3) 0.9 · 104 13.4 (n = 2) n.d. 0.92 (n = 2)
n.d. = not determined.
aThe kcat was determined with thialysine as acceptor.
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the exchange of Ser82 by the other hydroxyl-group-containing
amino acid Thr led to a 97% reduced speciﬁc activity and a
drastically decreased aﬃnity for thialysine, whereas the Km
for acetyl-CoA was similar to the control. Taken together,
Ser82 is most likely involved in binding of the acceptor sub-
strate. Moreover, the hydroxyl group of the introduced Thr-
residue cannot fulﬁl the function of Ser82 of wild-type L. major
thialysine Ne-acetyltransferase, which might point to sterical
reasons deriving from the terminal methyl group of the Thr
side chain.
In mammalian SSAT, Asp82 and Pro83 are the correspond-
ing amino acid residues to Ser82 and Thr83 of L. major thialy-
sine Ne-acetyltransferase. These amino acid pairs are situated
in the small, highly conserved region between the GNAT mo-
tifs D and A (Fig. 3). Interestingly, the adjacent residues Tyr81
and Trp84 are highly conserved in both, SSAT and thialysine
Ne-acetyltransferases. When exchanging the two hydroxyl-
group-containing amino acid residues of the L. major enzyme
by Asp and Pro, this resulted in an inactive enzyme for all sub-
strates tested (Table 2). Vice versa, the conversion of the amino
acid pair Asp82/Pro83 of human SSAT to a Ser/Thr-couple had
a strong impact on the SSAT enzyme activity. Compared to
the wild-type enzyme, the speciﬁc activity of the Asp82Ser/
Pro83Thr mutant was decreased by approximately 90% with
4.33 ± 0.24 lmol min1 mg protein1 (n = 3) compared to
38.8 ± 2.2 lmol min1 mg protein1 (n = 3). Moreover, the
Km value for spermidine was drastically enhanced, being
3230 ± 340 lM (n = 3) for the mutant versus 187 ± 28 lM
(n = 3) of wild-type SSAT. Taken together, the speciﬁcity con-
stant (kcat/Km) decreased from 83700 M
1 s1 of the wild-type
enzyme to 540 M1 s1 of the double mutant. Thialysine was
not N-acetylated by human SSAT wild-type or the Asp82Ser/
Pro83Thr mutant.
The conversion of Leu130 of L. major thialysine Ne-acetyl-
transferase into Ala (the respective residue of mammalian
SSAT) did not change the speciﬁc activities or the aﬃnity to
acetyl-CoA. Furthermore, the Km values for L-lysine and sper-
midine were not aﬀected by this amino acid exchange (Table
2). However, it is remarkable that the mutation had an eﬀect
speciﬁcally on the Km for thialysine that was 5-fold elevated
in comparison to the control. L-Lysine and thialysine are struc-
tural analogues that diﬀer only in the substitution of the
4-methylene group of the side chain by a sulphur atom. There-
fore, the speciﬁc alteration of the aﬃnity to thialysine mightpoint to Leu130 of L. major thialysine N-acetyltransferase inter-
acting with the sulphur atom of thialysine.
It has to be emphasized that all recombinant L. major
thialysine Ne-acetyltransferase proteins, wild-type as well as
mutants, are expressed at similar levels in E. coli and show a
homodimeric structure. Moreover, the aﬃnity towards the sec-
ond substrate acetyl-CoA was not markedly aﬀected for all of
the active Ser82, Thr83 and Leu130 mutants.
To date, no crystal structures of SSAT or thialysine Ne-acetyl-
transferases are available. However, previous mutagenesis
studies on mammalian SSAT revealed several amino acid res-
idues that are probably involved in substrate binding as well as
in enzyme stability and degradation [26–29]. Highly conserved
residues of the GNAT motif A were shown to be responsible
for acetyl-CoA binding [27,28]. This was conﬁrmed for the
C. elegans thialysine Ne-acetyltransferase [2 and unpublished
data] and is in accordance with the data obtained from known
crystal structures of other GNAT members [30]. Mutating
His126 and Arg155 of mammalian SSAT led to elevated Km val-
ues for spermidine, suggesting that these residues are part of
the polyamine binding site [27]. In addition, the MATEE motif
of the SSAT C-terminus was found to be important for enzyme
activity and protein stability [26,29]. Remarkably, all of these
residues are not conserved in the known thialysine Ne-acetyl-
transferases.
Among the N-acetyltransferases that have been shown up in
an extensive BLAST search [see supplementary material] using
the known thialysine Ne-acetyltransferases or human SSAT as
query sequences, the Asp82/Pro83-pair is found only in verte-
brate sequences, including the already characterised SSAT.
Known thialysine Ne-acetyltransferases as well as the se-
quences that derived from lower eukaryotes or bacteria con-
tain the respective Ser/Thr-pair instead. In addition, all of
these N-acetyltransferases possess a Leu residue that corre-
sponds to the Leu130 of L. major thialysine Ne-acetyltransfer-
ase and that is replaced by an Ala in the known SSAT
sequences. Phylogenetic analyses of the respective N-acetyl-
transferases revealed that all sequences with the Asp/Pro-pair
form a separate group that branches with the Ser/Thr-pair con-
taining proteins including the already characterised thialysine
N-acetyltransferases [see supplementary material]. Moreover,
the key residues of SSAT mentioned above [26,27] are re-
stricted to the vertebrate SSAT-like sequences. Taken together,
mammalian-like SSAT are suggested to be not found out-
side of the vertebrates, whereas genes of putative thialysine
5352 K. Lu¨ersen / FEBS Letters 579 (2005) 5347–5352Ne-acetyltransferases are also present in a number of lower
eukaryotes and prokaryotes.
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